Background: Internalizing disorders (IDs), consisting of the syndromes of anxiety and depression, are common, debilitating conditions often having onsets in adolescence. Scientists have developed dimensional self-report instruments that assess putative negative valence system (NVS) trait-like constructs as complimentary phenotypes to clinical symptoms. These include various measures that index temperamental predispositions to IDs and correlate with neural substrates of fear, anxiety, and affective regulation. This study sought to elucidate the overarching structure of putative NVS traits and their relationship to early manifestations of ID symptomatology.
affect (PA) are two core dimensions of temperament believed to be instrumental to the risk for, and course of, IDs (Clark, Watson, & Mineka, 1994) . Whereas neuroticism/NA is considered to be etiologically relevant to the broadest range of IDs and their comorbidity (Bienvenu et al., 2001) , extraversion/PA has been linked more specifically to social anxiety and depression (Brown, Chorpita, & Barlow, 1998; Mineka, Watson, & Clark, 1998) . They are partially related to Gray's constructs of behavioral inhibition (BI) and behavioral activation (BA), respectively, which have been shown to correlate in animal emotional/motivational systems (Gray, 1982) . Extant research supports BA/BI scales as indicators of neural systems underlying human approach-withdrawal tendencies (Sutton, & Davidson, 2000) . NA and PA, together with autonomic arousal, form the tripartite model of anxiety and depression (Clark, & Watson, 1991; Mineka et al., 1998) , a wellresearched psychological model for IDs.
Besides these broad dimensions of temperament, several trait-like constructs relate more specifically to particular IDs. Anxiety sensitivity (AS) is a tendency to attribute harmful physical, psychological, or social consequences to the experience of anxious symptoms (Reiss, Peterson, Gursky, & McNally, 1986) with relatively specific association to panic-related pathology (Zvolensky, & Schmidt, 2007) . Childhood fearfulness is expressed in diverse forms and severity as a function of developmental timing and individual differences (Gullone, 2000) .
Its overall degree remains relatively stable, with more fearful children tending to meet criteria for phobias and other IDs in adolescence and adulthood. Chronic irritability in youth is relatively common, impairing, and predicts both depression and anxiety in adulthood (Leibenluft, 2011; Stringaris, Cohen, Pine, & Leibenluft, 2009 ).
In summary, extant studies suggest that various dimensional, traitlike measures might index shared or specific components of ID risk. However, most studies have only examined the relationship of such constructs to selected diagnostic outcomes via case-control approaches rather than using more broadly informative, unselected study designs. Studies ascertained for particular phenotypes can be biased and limited in their generalizability. In addition, it is not clear whether these constructs, hypothesized to be risk factors for anxiety and depression, map in an integrated manner onto the known dimensions of ID symptoms in developing children. Thus, further clarification of these relationships in childhood and adolescence is important for understanding the developmental unfolding of psychopathology, since premorbid temperamental substrates indexed by various dimensions of trait anxiety or dysphoria are hypothesized to drive the tendency for individuals to experience frequent symptomatic states and increase vulnerability to the development of IDs and their comorbidity.
The Research Domain Criteria (RDoC) initiative of the National Institute of Mental Health proposes a framework for studying mental disorders using fundamental dimensions that cut across traditional disorder categories (Insel et al., 2010) . As articulated in the RDoC hypothetical framework, the negative valence system (NVS) domain encompasses biological and psychological systems involved in the response to aversive, threatening, or harmful stimuli, including systems that have a putative relationship to IDs. Hypothetically, some of these measures should align with broader constructs proposed in the RDoC matrix such as acute threat (fear) or potential threat (anxiety) and elements of negative affect (loss, anhedonia, frustrative nonreward) rather than clinical diagnoses (Cuthbert, 2015) . Our recent review summarizes available data for putative NVS endophenotypes that share genetic etiology with anxiety disorders (Savage, Sawyers, Roberson-Nay, & Hettema, 2017) .
A crucial step in evaluating the potential use of these measures as NVS endophenotypes is developing a detailed understanding of their relationship to each other and to the broad range of ID symptoms.
Although the factorial structure of psychiatric symptoms and disorders has been thoroughly investigated, this is not the case for these psychologically constructed dimensional traits. Analyzing state-like symptoms and related trait-like dimensions in the same model can provide deeper insights into underlying psychological substrates that they commonly index. Therefore, this study aims to address the following key questions: 
MATERIALS AND METHODS

Participants and measures
Caucasian twins aged 9-13 years (mean 11.2 years) were recruited for the Virginia Commonwealth University Juvenile Anxiety Study (VCU-JAS) from the Mid-Atlantic Twin Registry (MATR) (Lilley, & Silberg, 2013) . This study used an epidemiological sampling design unselected for any particular outcome phenotypes. Fifty-three percent were female, and one-third of the pairs were monozygotic. Caucasian twins were recruited to minimize phenotypic and genetic heterogeneity for the overall project. VCU-JAS assessed a broad array of putative psychological and biological indicators of NVS involved in the development of IDs (Carney et al., 2016) . These included survey instruments assessing dimensional aspects of children's symptomatology or temperament and psychological and physiological measures collected during laboratory paradigms. Only the child self-report survey measures assessing the previously described constructs are included in the current analyses. Of the 398 complete twin pairs who participated in VCU-JAS, data from these measures were available from 768 children. This study was conducted in compliance with the Declaration of Helsinki and approved by the VCU Institutional Review Board. Written informed consent from parents and assent from minor children were obtained after the nature of the procedures was explained.
A battery of psychometrically sound self-report instruments was chosen to assess the broad-spectrum of relevant psychological traits as well as ID symptomatology. The Short Mood and Feelings Questionnaire (SMFQ) is a 13-item scale derived from a larger pool of depression-related questions from the full MFQ (Angold et al., 1995) .
The Screen for Childhood Anxiety Related Disorders (SCARED)-Child Version (Birmaher et al., 1997) assesses five anxiety symptom domains: panic/somatic anxiety (PD), general anxiety (GAD), separation anxiety (SAD), social phobia (SOC), and school avoidance (SchA). Because of the poorer clinical specificity of the four SchA items, we excluded those from our analyses. The Childhood Anxiety Sensitivity Index (CASI) assesses AS (Silverman, Fleisig, Rabian, & Peterson, 1991) with good internal consistency and test-retest reliability in nonreferred and clinical samples. The Affective Reactivity Index (ARI) is a 6-item inventory of irritability with elevated scores in children with mood and anxiety disorders (Stoddard et al., 2014; Stringaris et al., 2012) . The 80-item Fear Survey Schedule for Children-Revised (FSSC-R) assesses general levels of fearfulness across common fear domains (Ollendick, 1983) . The Behavioral Inhibition System/Behavioral Activation System (BIS/BAS) Scales (Carver, & White, 1994 ) assess facets of BI and BA, respectively. The Eysenck Personality Questionnaire, Junior version (JEPQ) (Eysenck, 1965) measures the two broad personality traits included herein: neuroticism (JEPQ-N) (20 items), extraversion (JEPQ-E) (25 items).
Statistical analyses
Data analyses were carried out using data from SCARED, SMFQ, CASI, FSSC-R, ARI, BIS, BAS, JEPQ-N, and JEPQ-E scales. Mean scores for each were created to account for possible item nonresponses for each subject. The four SCARED subscales were also included in additional models to examine the effects of specific anxiety disorder symptoms in relation to the other scales. Pearson correlations were calculated between all the trait and symptom measures in order to estimate their relative patterns of association.
The approach employed to address the second study aim is exploratory factor analysis (EFA) followed by confirmatory factor analysis (CFA). These were conducted in Mplus 7.1 (Muthen, & Muthen, 2012) using the maximum likelihood estimator with robust standard errors (MLR) in conjunction with the COMPLEX option to adjust standard errors and fit indexes for the dependency of co-twins nested within pairs. Since no study has ever examined the relationships between these diverse phenotypes that have demonstrated varied relationships with different clinical measures, no clear hypotheses can be confidently proposed for their structure. Rather, EFA was conducted in a random half of the sample to generate a set of preliminary hypotheses that were then confirmed via CFA in the remaining half.
Twins were randomized individually, not pairwise. For the EFA phase, an initial parallel analysis of the eigenvalues was performed to determine the number of factors to retain (Horn, 1965) . Model specification for CFA was guided by the EFA parallel analysis, goodness of fit, and the patterning and interpretability of loadings. The root mean square error of approximation (RMSEA) and comparative fit index (CFI) were used to evaluate overall model fit. The Akaike information criterion (AIC) and Bayesian information criterion (BIC) were used to evaluate the relative fit of nonnested models; lower values indicate amore parsimonious fit to the data. Final parameters for the best-fitting CFA models were estimated using the full sample data.
To investigate alternative hypotheses regarding the underlying latent structure among the measures, both correlated factors and bifactor models were specified. The correlated factors model posits multiple oblique first-order latent dimensions to account for the associations among the observed scales. The bifactor model represents a different conceptual structure to account for the patterning of their associations (Reise, 2012) . It posits a single general common factor with loadings on all the measures plus residual group factors with loadings for subsets that are orthogonal to the general factor. Each of the differently specified models is evaluated using CFA in the second halfsample to validate the factor structure suggested by the EFA results derived using the first half-sample.
RESULTS
Means, standard deviations, and internal consistency estimates for each scale are shown in Table 1 . There were no significant differences for the means and standard deviations of the scale scores between the split samples. Internal consistency estimates demonstrated acceptable reliability ( > .70). Table 2 For the EFA, the scree plot of the eigenvalues of the observed correlation matrix is contrasted against parallel analysis eigenvalues derived from randomly generated data, indicating three factors without or with the SCARED subscales (Fig. 1) . Notably, the first eigenvalue was three to four times larger than the second and third, a pattern suggestive of a bifactor structure.
For both the correlated factor and bifactor models, we selected three-factor solutions due to their acceptable fit to the data, consistency with the parallel analysis, and interpretability. Table 3 lists the factor loadings and interfactor correlations for the three-factor models. Because the overall solutions for total SCARED and its subscales are similar (Table 3A and B, respectively), we present them together here.
For the correlated factor model (left side of tables), the first factor displayed the highest loadings on the scales assessing anxiety or fear (ANX/FEAR): SCARED, CASI, FSSC-R, and BIS. The second factor had primary loadings for scales representing dysphoric mood (DYSPH): ARI, SMFQ, and JEPQ-N. This second factor was correlated with the first factor (r = 0.78). The third factor, uncorrelated with the first two, primarily reflected positive affect (PA) as assessed by items from the JEPQ-E and BAS.
Bifactor EFA modeling (right side of tables) revealed a general factor that underlies all the scales with significant loadings on each.
This general factor was assigned the suggestive label "NVS." Anxiety/fear and dysphoria scales loaded > 0.60 (range 0.62-0.80), and TA B L E 1 Means, standard deviations of mean scale scores, and internal consistency of scales EFA, exploratory factor analysis; CFA, confirmatory factor analysis; SD, standard deviation; SCARED, screen for childhood anxiety related disorders; PD, panic disorder; GAD, general anxiety; SAD, separation anxiety; SOC, social phobia; SMFQ, short mood and feelings questionnaire; JEPQ-E, junior version of Eysenck personality questionnaire -extraversion; JEPQ-N, junior version of Eysenck personality questionnaire -neuroticism; CASI, childhood anxiety sensitivity index; ARI, affective reactivity index; BAS, behavioral activation system; BIS, behavioral inhibition system; FSSC-R, shortened fear survey schedule for children-revised. a Internal consistency > .9 (Excellent), > .8 (Good), > .7 (Acceptable), > .6 (Questionable), > .5 (Poor), and < .5 (Unacceptable).
TA B L E 2
Bivariate correlations for all self-report measures blocked by degree of relationship (N = 768) * p < .01. SCARED, screening for childhood anxiety related disorders; PD, panic disorder; GAD, general anxiety; SAD, separation anxiety; SOC, social phobia; SMFQ, short mood and feelings questionnaire; JEPQ-E, junior version of Eysenck personality questionnaire -extraversion; JEPQ-N, junior version of Eysenck personality questionnaire -neuroticism; CASI, childhood anxiety sensitivity index; ARI, affective reactivity index; BAS, behavioral activation system; BIS, behavioral inhibition system; FSSC-R, shortened fear survey schedule for children-revised.
positive affect scales had smaller loadings (range 0.20-0.38). Two orthogonal group factors were identified that accounted for residual covariance among dysphoria and positive affect scales, respectively.
Smaller but significant loadings were also estimated for SCARED subscales GAD on factor 2 (DYSPH) and SOC on factor 3 (PA, negatively correlated).
To further validate the EFA results, three different CFA specifications of these models, with or without SCARED subscale scores, were fit to the second half-sample and compared. Table 4 reports the fit statistics for all competing CFA models. These were specified as simple structure versions by fixing low indicator cross-loadings to zero based on the results of EFA and interpretability of loadings. First, Given these findings with the SCARED total score, we separately fit a similar sequence of models including the four SCARED subscales to better understand the detailed latent structure in relation to different clinical domains. First, the correlated three-factor model (B1) was fit with the SCARED subscales loading only on the ANX/FEAR factor. It had a marginally adequate fit to the data (CFI = 0.923, RMSEA = 0.091); however, a correlated three-factor model (B2) provided an improved fit (CFI = 0.942, RMSEA = 0.082) when allowing the GAD and SOC subscales to cross-load on DYSP and PA, respectively. Again, the bifactor model specification (B3) including the separate SCARED subscales provided the best-fitting structure to these data. Finally, the full dataset was used to obtain parameter estimates for the best-fitting models. These competing structural models are 
DISCUSSION
This study, conducted in an epidemiological sample of 768 twins aged 9-13, used exploratory and confirmatory factor analyses (EFA/CFA) to investigate possible latent structures of extant dimensional traits to serve as psychological probes of internalizing emotional dysregulation in children. The included constructs of neuroticism, extraversion, behavioral inhibition/activation (BI/BA), anxiety sensitivity (AS), fearfulness, and irritability have each been reported in prior studies to show differences among cases of one or more IDs and unaffected controls. As indicated in Table 2, It also had a moderate correlation with depression (SMFQ, r = 0.49).
BI had a similar overall pattern as AS, although some details differ.
TA B L E 3
Factor loadings of standard and bifactor EFA in EFA sample (N = 384, three-factor solution)
A. Using SCARED total score EFA, exploratory factor analysis; CFA, confirmatory factor analysis; SCARED, screening for childhood anxiety related disorders; PD, panic disorder; GAD, general anxiety; SAD, separation anxiety; SOC, social phobia; SMFQ, short mood and feelings questionnaire; JEPQ-E, junior version of Eysenck personality questionnaire -extraversion; JEPQ-N, junior version of Eysenck personality questionnaire -neuroticism; CASI, childhood anxiety sensitivity index; ARI, affective reactivity index; BAS, behavioral activation system; BIS, behavioral inhibition system; FSSC-R, shortened fear survey schedule for children-revised. * Significant factor loadings.
Fearfulness had higher estimated correlations with AS (r = 0.66) and BI (r = 0.58) than with the anxiety symptom scales (0.43-0.54).
Thus, many of these dimensional traits have rather widespread (crosscutting) associations across the ID symptom domains in this age group. This is consistent with the often nebulous and changing patterns of ID symptoms seen in developing children and the fact that most of these children do not meet criteria for full diagnostic syndromes. It might also be partially explained by lack of stable personality at this age, making the traits less likely to achieve some of the more specific associations seen in adults.
The structural relationships among the measures were formally examined using EFA in a random half-sample of the children and crossvalidated using CFA in the other half-sample. A three-factor model provided a parsimonious and good fit to these data. We then tested alternative models for the structure under which these three factors CFI, comparative fit statistic; TLI, Tucker Lewis index; RMSEA, root mean square error of approximation; df, degrees of freedom; AIC, Akaike information criterion; BIC, Bayesian information criterion; SCARED, screening for childhood anxiety related disorders. a Model B1 retains the same structure as the three-factor model using SCARED total score (Model A2) with all loadings of SCARED subscales to the first factor for anxiety/fear. b Model B2 is based on the three-factor EFA solution using SCARED subscale scores.
F I G U R E 2 Three-factor correlated models for factor structure of NVS (full sample, N = 768) using SCARED total score (A) and SCARED subscale scores (B)
F I G U R E 3 Three-factor bifactor models for factor structure of NVS (full sample, N = 768) using SCARED total score (A) and SCARED subscale scores (B) affect (PA) (Fig. 2) . It does not appear that fear and anxiety represent distinct latent dimensions at this broad structural level even though they can be dissected at finer levels of resolution. Such a tripartite structure is reminiscent of models previously reported for internalizing clinical symptoms and disorders. These findings extend that structure to a broader array of constructs beyond symptoms alone.
Overall, an alternative bifactor model (Fig. 3) provided a slightly better fit to the data than the correlated factors model. This specifies a conceptually different organization of the underlying structure of these phenotypes, with a single common factor accounting for covariation between all the measures plus two independent residual factors.
A bifactor structure for negative affect had been previously reported in a large study of children ascertained from both community and clinical settings (Ebesutani et al., 2011) . For the current data, the common To our knowledge, this is the first study to jointly examine the relationships among such a broad set of putative NVS phenotypes and ID symptoms in children. Prior studies partially explored such relationships. Eley, Stirling, Ehlers, Gregory, and Clark (2004) reported associations between AS, panic/somatic symptoms, and heart-beat perception in children 8-11 years old. Longitudinal twin studies from that group reported influences of AS at age 8 on various anxiety subscales at age 10 (Waszczuk, Zavos, & Eley, 2013) and cross-lagged effects between AS and symptoms of anxiety and depression between ages 15 and 17 (Zavos, Rijsdijk, & Eley, 2012) .
Note that, like other studies that have examined the relationships between temperament and psychopathology, we started by estimating statistical correlations to examine the differential associations between constructs. Associations between outcome phenotypes arise either because one directly causes another, or because each is etiologically related to some common, possibly unmeasured, construct. Prior studies have suggested that common etiological (i.e., genetic and environmental) pathways likely account for the majority of shared variance between personality and IDs (Bienvenu, Hettema, Neale, Prescott, & Kendler, 2007; Hettema, Neale, Myers, Prescott, & Kendler, 2006) . Herein, we have taken the position that, while conceptualized and assessed differently, trait-like dimensions such as AS or BI on the one hand, and state-like symptoms such as panic and depression on the other, are manifest indices of (unmeasured) neural systems that broadly underlie the regulation of fear, anxiety, and mood. In order to test the alternative hypothesis of a temporally causal pathway between traits and disorders, a longitudinal study design would be required.
When conceptualizing this study, we made the a priori decision to include in our factor analyses a broad array of potential internalizing constructs and corresponding measures to thoroughly investigate their structural relationships: trait-like measures (e.g., AS, extraversion), clinical symptoms (SCARED, SMFQ), and others that might fall somewhere in between (fear and irritability scales). Prior studies examining some of these measures in more restricted case-control designs, as well as their extensive covariance observed in aim 1, supports such an analytic strategy. An alternative approach might first conduct factor analyses without the clinical measures and then examine the latter as external validators for the solutions. When we tested this post-hoc, the resulting models for the traits reflected a similar overall tripartite structure. However, there were insufficient numbers of outcomes to adequately define some of the factors, making the models fit sub-optimally. Also, while we attempted to select a broad and representative group of surveys to assess constructs related to IDs, we did not include some others proposed under RDoC NVS (e.g., loss) or other nosological systems (e.g., harm avoidance; (Cloninger, Svrakic, & Przybeck, 1993) ). Thus, we cannot determine how those omitted constructs might fit into the overall structure we found. Because of these considerations, our results support an overall latent tripartite or, possibly, higher-order NVS, structure; the detailed mix of included constructs and their respective loadings can vary based upon the measures studied. We note that the current RDoC matrix does not include dimensions of normal personality such as neuroticism, but it does include "anxious traits" such as AS and BI. Studies like this one provide opportunities to explore the boundaries of NVS and other domains to inform future RDoC formulations.
These findings should be considered in the context of other potential limitations. First, these measures were all assessed at the same time point, allowing only cross-sectional analyses. As mentioned above, we could test only associational, not causal, effects, providing limited insights into mechanistic pathways of risk. However, the discovery and replication approach using the split-half sample tentatively supports the reliability of the latent structures we found. Second, we evaluated the relationship between the putative NVS endophenotypic measures and internalizing symptoms, not disorders. Although young children have limited ability to report on their emotional states, both SCARED and SMFQ have previously shown adequate validity with respect to interview-assessed IDs. Compared to a clinically ascertained sample, a community sample such as VCU-JAS typically has lower severity of internalizing symptoms, making generalization to patient samples uncertain. Third, the results apply to juveniles aged 9-13. This age group was recruited specifically because it represents a critical juncture between childhood and adolescence at which the risk for IDs sharply rises. It is interesting that the overall phenotypic structure is largely tripartite in nature similar to that seen previously for IDs in adults. This could reflect an essential, age-invariant organization of negative emotional systems at both clinical state and enduring trait levels. However, this would need to be confirmed in studies in both younger children and older adolescents. Fourth, given the numbers of individual items in each survey measure, we could not conduct item-level factor analyses among the constructs. Fifth, correlation between constructs may be inflated by overlapping item content that invoke similar responses in the participants. This, together with limited method variance (i.e., self-report in children), could create spurious factors or enhance the fit of one model over another. The former is less likely, given the interpretable tripartite structure we obtained.
To address the latter, we present both a DSM-like correlated factors structure and RDoC-like NVS bifactor structure as reasonable competing hypotheses with comparable fits. The most optimal set of analyses would involve eliminating potential item contamination in the construction of a new assessment instrument, rewording retained items using similar time frames and response formats, and then examining the resulting factor structure. Construction of such a new instrument is outside of the intent and scope of this study. Sixth, only Caucasian families were included to minimize heterogeneity, precluding the ability to generalize our findings to children of other racial and ethnic groups.
Finally, from an RDoC "units of analysis" perspective, we only included self-report measures. Future analyses in this sample will potentially include data from laboratory paradigms and genetic information that could help validate or further extend the structural models we identified.
The findings of this study have broad implications for future research into developmental risk factors for anxiety and depression.
First, it supports the conceptual organization of an overall tripartite structured, latent NVS domain in developing children. Second, this structure applies not only to clinical symptoms but also a wide variety of dimensional trait measures currently in use by investigators. Third, many of these phenotypes have reported associations with neural circuitry, which implies an underlying set of biological mechanisms with elements that are construct specific and others that are "cross-cutting" in nature. The overarching conclusion is that these various constructs would be most informatively investigated in future studies using an inclusive, integrated approach.
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